produced IL-6 and TNF-a. but not 11-8.11-8 had no effect on IL-6R or TNF-rrR, while it abrogated IL-6 and TNF-a production in these cells. In contrast, slgGl+, slgG2+, slgG3'. slgM+, slgAl+, and slgA2+ B cells expressed IL-6R and TNF-aR but not IL-8R. and they produced IL-6 and TNF-a. IL-8 had no effect on IL-6R and TNF-aR, or on TNF-a and IL-6 production in these cells. These results indicate that IL-8 inhibits spontaneous IgE and lgG4 production in slgE+ and slgG4' B cells, respectively, by inhiblting the endogenous production of IL-6 and TNF-a. 0 7995 by The American Society of Hematology. Cells. Tonsillar mononuclear cells were obtained at tonsillectomy for chronic tonsillitis from atopic patients with atopic dermatitis with or without bronchial asthma (n = 10; aged 14 to 36 years; serum IgE level, 3,246 to 12,156 U/mL) and nonatopic donors (n = 5; aged 15 to 32 years; serum IgE level, less than 300 UlmL) after they had given their informed consent. Atopic patients had clinical features of moderate to severe atopic dermatitis by Hanfin and Rajika's grading' and by our skin scoring system." None of the atopic patients or nonatopic donors were receiving medications at the time of tonsillectomy. Highly purified B cells were obtained by sheep red blood cell rosetting, followed by L-leucine methyl ester incubation, as described previo~sly.~ The purified B-cell fractions contained less than 1% CD3' T cells, less than 1% CD14' monocytes, less than 1% CD16' natural killer cells, and greater than 98% CD20' B cells. B cells from atopic patients were further fractionated into large activated B cells by Percoll density centrifugation, and then slg+ B cells, including slgE+ and sIgG4' B cells, were enriched by repeated panning, as reported earlier.',' Purified large sIg' B-cell fractions each contained greater than 98% corresponding slg' B cells?." On the other hand, sIgE+ and sIgG4' B cells could not be enriched in nonatopic donors because of the paucity of these cells.h 3192 Irvine, CA), 2 mmol/L L-glutamine, 50 U/mL penicillin, 50 pg/mL streptomycin, and 50 pg/mL transferrin; various factors were added, as described in Results. Control cultures for the evaluation of preformed Ig were performed in the presence of cycloheximide (100 pg/mL). The amounts of IgE, IgG subclasses, IgM, and IgA subclasses in the supernatants were determined by enzyme-linked immunosorbent assay (ELISA).7,'2 For the measurement of proliferation, sIg+ B cells were cultured as above for 2 days, pulsed with 1 pCi 'H-thymidine, and harvested after 16 hours; thymidine uptake was then determined. In some experiments, the binding of IL-6, TNF-a, and IL-8 to sIg' B cells was studied using biotinylated IL-6, TNFa, and IL-8 (R & D Systems, Minneapolis, MN). Briefly, various sIg+ B cells (2 X 10'/0.2 mL per well) were cultured with medium or with IL-8 (100 ng/mL) for 2 days, washed with acidic buffer, and incubated for 3 hours at 4°C in the presence of 5 nmol/L of biotinylated cytokines. They were then stained with streptoavidinphycoerythrin (PE) and analyzed with a FACScan (Becton Dickinson, Mountain View, CA). The mean fluorescence intensity (MFI) value of biotinylated cytokine-specific binding, determined after the subtraction of nonspecific binding in the presence of a 100-fold excess of unlabeled cytokines, was expressed as AMFI. as previously described."." In some experiments, coexpression of IL-8R and sIgE or sIgG4 on B cells was studied by double-staining. Various sIg" B cells were also cultured (2 X 10'/0.2 mL per well) with medium alone for 2 days, and the production of IL-6, TNF-a, and IL-8 was determined by ELISA.".'4 Statistical analysis was performed with the two-tailed Student's f test.
RESULTS

Effect ofIL-8 on spontaneous
Ig production and thymidine uptake by S&+ B cells. We have previously reported that, in atopic patients, purified sIgE+ B cells produced IgE up to 50 ng/mL in vitro, while sIgG4+ B cells produced IgG4 up to 100 ng/mL.'.12 As shown in Fig IA and B, IL-8 inhibited the IgE and IgG4 production by sIgE+ and sIgG4+ B cells, respectively, in a dose-dependent fashion without affecting thymidine uptake. IL-8 also did not affect thymidine uptake on days 4 and 5 (data not shown). In contrast, IL-8 had no inhibitory effect on the spontaneous production of IgGl, IgM, IgG2, IgA, IgG3, and IgA2, or on thymidine uptake in the corresponding sIg+ B cells (Fig IC and D) . In five experiments, the percent inhibition of IgE and IgG4 production by IL-8 (100 ng/mL) was 84% 2 12% and 82% +-9%, respectively, while the percent inhibition of the production of other Ig by IL-8 was less than 15%.
Effects of various factors on IL-&induced IgE and IgG4 production. We and others have reported that various cytokines modulate IL-4-induced IgE and IgG4 production."' Therefore, we studied the effects of these cytokines on the IL-&induced inhibition of IgE and IgG4 production. As shown in Fig 2A, IL-5 , IL-6, and TNF-a enhanced IgE production by sIgE+ B cells without affecting thymidine uptake (data not shown), while IL-4, IL-13, and neutralizing amounts of anti-IL-8 MoAb, anti-IL-12 antibody, anti-TGF-f~ antibody, anti-IFN-a MoAb, and anti-IW-y MoAb had no effect. IL-6 and TNF-a, but not IL-5, each partially counteracted the IL-8-induced inhibition of IgE production, while the anti-IL-8 MoAb completely blocked inhibition. Other cytokines (ie, IL-lp, up to 200 U/mL; IL-2, up to 300 U/mL; IL-3, up to 200 ng/mL; IL-9, up to 200 ng/mL; IL-IO, up to 200 ng/mL; IFN-a, up to 2,000 U/mL; IFN-y, up to 2,000 U/mL; and TGF-P, up to 20 ng/mL) had no effect on the production of IgE and IgG4 in cultures with medium or with IL-8 (data not shown). Identical results were observed for IgG4 production by sIgG4+ B cells (Fig 2B) .
Specijicity of the effects of IL-6 and TNF-a on IL-8-induced inhibition. The specificity of the counteracting effects of IL-6 and TNF-a is shown in Fig 3. The addition of anti-IL-6 MoAb or anti-TNF-a MoAb inhibited spontaneous IgE production ( Fig 3A) , whereas thymidine uptake was not inhibited (data not shown). Moreover, the simultaneous addition of anti-lL-6 MoAb and anti-TNF-a MoAb further inhibited IgE production. In contrast, anti-IL-6 MoAb or anti-TNF-a, either alone or together, did not augment the IL-&induced inhibition. Conversely, IL-6 and TNF-a each partially counteracted the IL-8-induced inhibition. Moreover, the simultaneous addition of IL-6 and TNF-a completely counteracted the inhibition, and this counteractive effect was blocked by anti-IL-6 MoAb plus anti-TNF-a MoAb, but not by control IgG1. Identical results were observed for IgG4 production (Fig 3B) .
Effects of IL-6 and TNF-a on IL-&induced inhibition of IgE and IgG4 production in nonatopic donors. We next studied whether IL-6 or TNF-a could counteract IL-8-induced inhibition of IgE and IgG4 production in nonatopic donors. As sIgE+ and sIgG4' B cells could not be enriched in nonatopic donors because of the paucity of these cells,' we stimulated R cells with IL-4 plus anti-CD40 MoAb. Thereafter. in vitro-generated slgE' and sIgG4' R cells were purified. As shown in Table 1 . IL-6 enhanced control IgE production by slgE' B cells and partially counteracted IL-8-induced inhibition of IgE production. In contrast. TNF-a neither enhanced control IgE production nor counteracted IL-8-induced inhibition. Identical results were observed for IgG4 production (Table I ).
Effects of IL-8 on hiutlit1g n r l d protlrrctiorl ofc,wkilw.s ill trtopic p t r t i c w s . These results indicate that endogenous IL-6 and TNF-a play a role in enhancing IgE and lgG4 production. It is possible that IL-8 inhibits IgE and IgG4 production either by downregulating IL-6 and TNF-a receptors, o r by decreasing the endogenous production of IL-6 and TNF-a. We also attempted to determine the mechanisms responsible for the lack of inhibition of the production of other Ig by IL-8 in dgGI * , sIgG2 '. and slgAI -R cells bound IL-6 and TNF-a. but not IL-8.
and produced IL-6 and TNF-a. IL-8 had no effect on binding of IL-6 and TNF-a or on the production of IL-6 and TNF-CY. Similar results were observed for sIgG1*. sIgG3-. and slgA2' B cells (data not shown). None of the slg-B cells produced IL-8 (less than 20 pg/mL). As shown in Fig S. coexprcssion of IL-8 receptor (R) and slgE or sIgG4. but not slgGI or slgM. on B cells was directly demonstrated by double-staining. In addition. no IL-XR was detected on slgG2'. sIgG3'. o r sIgA2' B cells by double-staining (data not shown). IL-X inhibited the production of IL-6 and TNFa in slgE' and slgG4' R cells in a dose-dependent fashion but did not inhibit this production in slgGI .. sIgG2*.
slgG3'. slgM'. slgAI-, and slgA2' B cells (Fig 6) . The inhibition o f IL-6 and TNF-a production was blocked by the anti-IL-8 MoAb (Fig SA and B) . but not by control IgGl (data not shown).
DISCUSSION
We have shown that IL-8 selectively inhibited spontaneous IgE and IgG4 production. without affecting thymidine uptake, in slgE' and slgG4' B cells. respectively, obtained from atopic patients. The inhibition was direct and specific, a s IL-8 inhibited the production of IgE and IgG4 by purified slgE' and sIgG4' B cells. respectively. and the inhibition was specifically blocked by the anti-IL-8 MoAb.
Of the various cytokines examined. IL-6 and TNF-a counteracted the IL-8-induced inhibition. this counteractive effect was blocked by anti-lL-6 MoAb and anti-TNF-a MoAb. but not by control IgGI. Moreover. in the absence of IL-8, anti-lL-6 MoAb and anti-TNF-a MoAb each inhibited IgE and IgG4 production by slgE-and sIgG4.' B cells. respectively. However. these MoAbs did not augment the IL-8-induced inhibition. Subsequent study showed that slgE' and slgG4-B cells expressed IL-6R. TNF-aR, and IL-8R. and that they produced IL-6 and TNFa, but not IL-8. The addition of IL-8 decreased IL-6 and TNF-(Y production without affecting IL-6R and TNF-(YR.
although IL-8R was downregulated, a result that is in accordance with previous reports.".'" Collectively, these results indicate that IL-8 may inhibit IgE and IgG4 production by slgE' and sIgG4' B cells. respectively. via the inhibition of endogenous production of IL-6 and TNF-a. Studies are currently in progress to obtain direct evidence for the mechanisms of the inhibition.
It has been reported that IL-6 and TNF-a were spontaneously produced in vitro by B cells that were activated in In vitro-generated slgE' and slgG4' B cells from nonatopic donors were cultured with medium or IL-8 in the presence or absence of the indicated factors. On day 10 of culture, IgE and lgG4 production were determined. IL-8 was used at 100 ng/mL, IL-6 at 200 ng/mL, and TNFa at 50 ng/mL. Values are means f l SD.
Abbreviation: Exp, experiment.
* P < .01 compared with medium alone. t P < .01 compared with IL-8 alone.
vivo; these B cells expressed IL-6R and TNF-aR and produced large amounts of Ig. '7,18 In those B cells, TNF-a and IL-6 were essential for Ig production. For example, tonsil B cells from patients with chronic tonsillitis spontaneously produced 300 ng/mL of IgG, which was inhibited by anti-TNF-a MoAb (greater than 70% inhibiti~n).'~ B cells from patients with systemic lupus erythematosus spontaneously produced IgG and IgM, which was inhibited by anti-IL-6R MoAb (up to 80%).18 Collectively, these results indicate that spontaneous Ig production still depends on endogenous cytokines. Our findings that activated sIgE' and sIgG4+ B cells produced IL-6 and TNF-a, which enhanced IgE and IgG4 production through IL-6R and TNF-aR, are in accordance 3195 with these reports. As IL-8 abrogated the production of IL-6 and TNF-a, complete inhibition of spontaneous IgE and IgG4 production by IL-8 in atopic patients is not surprising. In addition, the IL-8-induced inhibition of spontaneous IgE and IgG4 production is not restricted to atopic patients. It has been reported that B cells from patients with hyperIgE syndrome spontaneously produced IgE and IgG4.I9 IL-8 (100 ng/mL) inhibited production of IgE (76% 13% inhibition) and IgG4 (72% -+ 14% inhibition) in sIgE' and sIgG4' B cells, respectively, obtained from such patients, while IL-6 and TNF-a counteracted IL-8-induced inhibition (n = 3) (H.K., manuscript in preparation). In contrast, although IL-8 inhibited IgE and IgG4 production by in vitrogenerated sIgE' and sIgG4' B cells, respectively, only IL-6, but not TNF-a, counteracted IL-8-induced inhibition. It has been reported that anti-IL-6 antibody inhibited IgE and IgG4 production in a nonatopic donor's B cells stimulated with IL-4 plus anti-CD40 MoAb, while anti-TNF-a MoAb did not do so.2o32' These results indicate that endogenous IL-6 and TNF-a are essential for IgE and IgG4 production in spontaneous IgE production in atopic patients, while IL-6, but not TNF-a, is essential for those responses in nonatopic donors. Collectively, TNF-a responses may be specific to atopic patients.
Purified sIgE+ and sIgG4+ B cells also expressed IL-8R. In contrast, sIgGl', sIgG2+, sIgG3+, sIgM+, sIgAl+, and sIgA2' B cells expressed IL-6R and TNF-aR, but not IL-8R, although they produced 1L-6 and TNF-a. The lack of XL-8 effect on these sIg+ B cells is most likely due to their lack of IL-8R. However, this lack of effect is not surprising. We have previously reported that IL-8 selectively inhibited IgE production by purified B cells stimulated with IL-4 plus anti-CD40 MoAb, indicating the presence of functional IL-8 receptors on sIgE+ B cells.' As sIgE' and sIgG4', but not other sIg', B cells in atopic patients were selectively activated by IL-4 in V~V O ,~, ' ,~~ it is possible that these sIgE+ and sIgG4' B cells preferentially expressed IL-8R. Indeed, when sIgE-and sIgG4-B cells from nonatopic donors were stimulated with IL-4 plus anti-CD40 MoAb, some of them were differentiated into sIgE' and sIgG4' B cells, respectively. Enriched sIgE+ and sIgG4' B cells expressed IL-8R, while FlTC anti-lgG1 FlTC anti-lgM other sIg+ (sIgGl+, sIgG2', sIgG3', sIgM', sIgAl+, and sIgA2+) B cells and sIgE-and sIgG4-B cells did not. The values for AMFI of IL-8R were 35 2 6, 33 -t 7, 4 2 4, 2 f 3 , and 3 5 2, in sIgE+, sIgG4+, other sIg', sIgE-, and sIgG4-B cells, respectively. It has recently been reported that IL-8R were detected on neutrophils, basophils, monocytes, monoblast cell lines, T cells, a T cell line, and melanoma cell line^.'^^'^^^'^^^ For the first time, we have shown IL-8R on sIgE' and sIgG4' B cells. We are currently characterizing the IL-8R on sIgE' and sIgG4' B cells and the detailed mechanisms of the effects of IL-8 on these cells in atopic patients.
The finding that IL-8 decreases the production of IL-6 and TNF-a is interesting, as both IL-6 and TNF-a are potent inducers of IL-8.25.2h However, this decreasing effect is not surprising. It has been reported that TNF-a induced IL-6 production, while IL-6 decreased TNF-a production in human B cells, and IL-6 downregulated TNF-aR in human It is possible that there may be such interaction between IL-8 versus IL-6 and TNF-a. Indeed, IL-8 downregulated TNF-aR in human macrophages and blocked neutrophil adhesion to TNF-a-activated endothelial cells.2x.2y The effect of IL-8 on message transcription or translation remains to be elucidated. However, we measured cell-associated IL-6 and TNF-a by lysing sIgE' and sIgG4+ B cells and found that IL-8 also decreased cell-associated IL-6 and TNF-a. In four experiments, cell-associated cytokines in s1gE' B cells cultured with medium and IL-8 (100 ng/mL) were 0.63 2 0.21 ng/mL and 0.09 ? 0.03 ng/mL of IL-6, respectively, and 0.51 2 0.24 ng/mL and 0.08 2 0.02 ng/mL of TNF-a, respectively. Similarly, those cytokines in sIgG4' B cells cultured with medium and IL-8 were 0.64 2 0.18 ng/mL and 0.07 2 0.03 ng/mL of IL-6, respectively, and 0.61 2 0.15 ng/mL and 0.05 2 0.02 ng/mL of TNF-a, respectively. These results indicate that IL-&induced inhibition of IL-6 and TNF-a production may not be simply due to inhibition of release of these cytokines from the cell membrane. Detailed molecular analysis is currently under investigation.
The precise in vivo role played by IL-8, IL-6, and TNFa in atopic patients remains to be elucidated.
It has been reported that IL-6 and TNF-a are produced by an allergeninduced nasal response, and TNF-a mRNA-positive cells have been found in bronchoalveolar lavage fluid and in the skin of the allergen-induced reaction in atopic patients."'.3' On the other hand, IL-8 protein and IL-8 mRNA have been found in the bronchial epithelial cells of asthmatic patients, but not in these cells obtained from nonatopic donors." Moreover, we and others have found high levels of IL-8 and TNF-a, but not IL-6, in the plasma of patients with atopic dermatitis, and it has also been found that spontaneous IgE production in vitro was correlated with plasma IL-8 levels in these patients."." These results suggests that IL-8 and TNF-a responses in spontaneous IgE and IgG4 production may be exaggerated or specific to atopic patients. In contrast. IL-6 may augment those responses in a nonspecific fashion; ie, IL-6 responses may be common to all IgE and IgG4 B cells. Further studies are needed to clarify this. We are currently studying which cytokines are exaggeratedly or specifically involved in IgE and IgG4 production in atopic patients. It is also possible that, on one hand, IL-8 exacerbates inflammation by activating neutrophils, basophils, and T cells, while, on the other hand, it counteracts the IgE-and IgG4-mediated allergic reaction by inhibiting IgE and IgG4 dual effects of cytokines are well known. For example, although L 4 induces IgE and IgG4, which may exacerbate the allergic reaction, it also has potent antiinflammatory effects, due to its suppression of the inflammatory factors IL-1 and prostaglandin E2. I A~~ In conclusion, we found that IL-8 directly inhibited spontaneous IgE and IgG4 production in sIgE' and sIgG4' B cells, respectively, by interacting with IL-6 and TNF-a. To our knowledge, this is the first cytokine shown to directly inhibit Ig production in these cells. These findings may shed some light on the pathogenesis of atopy and may ultimately lead to efficient therapy in atopic patients.
production. 3,32.34.35 This dual action is not surprising, as the
